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Abstract We report the incidence of late onset post-
operative carpal tunnel syndrome (late carpal tunnel
syndrome) and late median nerve neuropathy after volar
plating of distal radius fracture by conducting a retrospec-
tive study on volar plating for distal radius fracture
performed during 2002 to 2006. Two hundred eighty-two
volar plating were performed for acute distal radius fracture
after exclusion. Post-operative hand numbness occurred in
24 patients of which nine had carpal tunnel syndrome.
Thus, the incidence of late carpal tunnel syndrome was
3.2% (9/282). Of the eight (8/24, 33%) patients with post-
operative hand numbness that failed to respond to conser-
vative treatment, five had carpal tunnel release and three
had neurolysis of median nerve at distal forearm. All had
clinical improvement except in one patient. The incidence
of late carpal tunnel syndrome after volar plating of distal
radius in the present series is similar to the prevalence of
carpal tunnel syndrome in general population. The inci-
dence is low compared with other series, regardless of
treatment method (conservative treatment, volar or dorsal
plating). The outcome of post-operative hand numbness is
generally favourable.
Keywords Distal radius fracture.Median nerve
neuropathy.Carpal tunnel syndrome.Volar plate.
Treatment outcome
Introduction
Open reduction and internal fixation is becoming more
popular with the emphasis on alignment for good functional
recovery, and it is more ready to fix unstable fractures. Dorsal
plating has high incidence of extensor tendon complications
[11], while volar plating has less soft tissue complications.
The recent development of locking distal radius plate has
increased in open reduction with internal fixation in volar
approach. Such volar locking plate is also useful in the
treatment of dorsally displaced distal radius fracture and
comminuted osteoporotic intra-articular fracture.
The incidence of median nerve complication is of
particular concern in volar plating for distal radius fracture.
In this study, we report the incidence of hand numbness,
carpal tunnel syndrome and outcome of median nerve
neuropathy after volar plating of distal radius fracture.
Method and Materials
This is a retrospective review of all volar plating performed
fordistalradiusfracturefromJanuary2002toDecember2006
in two regional hospitals in Hong Kong. The volar distal
radius was approached through the sheath of the flexor carpi
radialis tendon. Choice of implant (3.5-mm T-shaped locking
plate and non-locking plate) depended on fracture pattern. In
general, locking plates were use in intra-articular, dorsally
displacedfractureorosteoporoticfracture.Non-lockingplates
were use in extra-articular or volarly displaced fracture. We
searched the electronic database using keywords of distal
radius fracture, open reduction and internal fixation of radius
fracture, carpal tunnel release or neurolysis. We also reviewed
all medical notes (hospital and out-patient clinic record),
operative records and radiographs. The inclusion criteria were
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performed. The exclusion criteria were pre-existing carpal
tunnel syndrome before injury, carpal tunnel release at index
operation due to compartment syndrome or as part of surgical
approach during open reduction and plating. These patients
were having more high-energy trauma, which may cause
injury to median nerve.
Patients were reviewed in the specialist out-patient clinic
by orthopaedic team members, which ranged from 1 to
5 years. Symptoms of hand numbness, wrist pain, signs of
carpal tunnel syndrome such as Phalen’s test, Tinel sign and
thenar wasting were noted. Results of nerve conduction
study are also noted. Union of fracture was assessed by
serial radiograph.
All patients that complained of hand numbness were
noted. Patient with post-operative hand numbness were
divided into two groups. We defined late carpal tunnel
syndrome based on symptomatology or electrophysiologi-
cal study. Patients who had numbness over median nerve
territory (radial three and a half digits), and one of the
positive signs (Tinel sign, Phalen’s test or thenar wasting)
of carpal tunnel syndrome, or confirmed by nerve conduc-
tion test were included in late carpal tunnel syndrome
group. Patients with numbness not in median nerve territory
or with forearm involvement were regarded to have late
median nerve neuropathy due to scarring over forearm
surgical wound.
Statistical analysis was performed by using SPSS
software. One-sided Fisher’se x a c tt e s tw a su s e dt o
compare the hand numbness and carpal tunnel syndrome
after volar plating with locking plate and non-locking plate.
Result
A total of 300 volar plating of distal radius were performed
in the specified period. Eighteen fractures were excluded:
one distal radius fracture nonunion, six pre-existing carpal
tunnel syndrome before fracture (a patient with bilateral
wrist fracture), five primary carpal tunnel release as part of
surgical exposure and another six primary carpal tunnel
release at the index operation (three for acute carpal tunnel
syndrome and three for compartment syndrome). After
exclusion, a total of 282 patients were included for analysis
of post-operative hand numbness. There were 99 males and
183 females, with age that ranged from 24 to 90. Two
hundred sixteen locking plates were performed for intra-
articular fracture or osteoporotic fracture. Sixty-six non-
locking plates were performed for extra-articular fracture.
Of the 282 patients, 24 had post-operative hand
numbness after volar plating. None of these 24 patients
have diabetes mellitus, thyroid disorder, renal failure, etc.
as risk factor of neuropathy. Within this group, nine patients
had late carpal tunnel syndrome, and 15 patients had late
median nerve neuropathy. In summary, the incidence of all
post-operative hand numbness was 8.5% (24/282), late
carpal tunnel syndrome was 3.2% (9/282), and late median
nerve neuropathy was 5.3% (15/282). The incidence of late
carpal tunnel syndrome in female and male were 3.3% and
3%, respectively. The detail breakdown of age and sex with
respect to the late carpal tunnel syndrome is shown in
Table 1. The incidence of all post-operative hand numbness
in locking plate group was significantly higher (p<0.05)
than that of the non-locking plate—10.2% (22/216) vs.
3.03% (2/66). The incidence of late carpal tunnel syndrome
after volar plating with locking plate was 4.17% (9/216),
Table 1 Age and sex breakdown of result.
Age Volar plating Late carpal tunnel syndrome
Female Male Female Male
<25 1 9 0 0% 0 0%
25–34 3 4 0 0% 0 0%
35–44 8 16 0 0% 1 6.3%
45–54 42 38 1 2.4% 0 0%
55–64 36 17 3 8.3% 2 11.8%
65–74 56 11 2 3.6% 0 0%
75 or above 37 4 0 0% 0 0%
Total 183 99 6 3.3% 3 3.0%
Table 2 Summary of operative treatment for late carpal tunnel syndrome.
Sex/
age
Fracture classification
(AO)
Onset interval
(month)
Presentation Carpal tunnel release, operative
findings
Outcome
F/68 A3 2 Hand numbness and wasting Scar adhesion Improved
M/61 C2 2 Hand numbness and weakness, delay
NCV
Scar adhesion, carpal tunnel
constriction
Improved
M/41 C1 3 Bilateral CTS in NCT Narrow carpal tunnel Same
F/60 A3 7 Specific hand numbness Carpal tunnel constriction Improved
F/66 C2 2 Specific hand numbness Carpal tunnel constriction Improved
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volar plating with non-locking plate; but, this was statisti-
cally insignificant (0.1>p>0.05).
Of the 24 patients with post-operative hand numbness,
16 (66.7%) patients responded to conservative treatment
(splintage, vitamin supplement or regular observation), and
eight (33.3%) patients had operations (five had carpal
tunnel release and three had neurolysis of median nerve
without carpal tunnel release). After operation, seven
patients had improvement of symptoms.
For patient with late carpal tunnel syndrome charac-
terised by specific signs and symptoms or nerve conduc-
tion study confirmed, four patients responded to
conservative treatment (splintage, vitamin supplement or
regular observation), and five patients received operative
treatment. Intra-operative findings showed carpal tunnel
narrowing and constriction of the median nerve. Carpal
tunnel release was performed, and all patients had
improvement except one patient who had electrophysio-
logical suggestions of bilateral carpal tunnel syndrome on
nerve conduction test and inappropriate illness behaviour
shown in functional capacity evaluation (Table 2).
For patient with late median nerve neuropathy characterised
by numbness over hand with or without forearm involvement,
three out of 15 patients received operative treatment. All had
scar adhesion over median nerve in forearm region. All
improved after neurolysis of median nerve without carpal tunnel
release and removal of implant except one patient who had
residual numbness over middle finger (Table 3).
Discussion
The incidence of late carpal tunnel syndrome after volar
plating reported in our series was 3.2%. In literature, the
incidence of carpal tunnel syndrome with conservative
treatment for distal radius fracture was reported as 7%,
which ranged from 0% to 20% [1, 3, 4, 9, 16, 20, 22, 23]
(Table 4). There are few papers in recent literature
concerning carpal tunnel syndrome after volar plating of
Table 3 Summary of operative treatment for late median nerve
neuropathy.
Sex/
age
Fracture
classification
Onset
interval
(months)
Presentation Neurolysis
OT findings
Outcome
F/40 C2 2 Wrist
numbness
Scar
adhesion
Improved
F/57 C2 2 Palm
numbness
Scar
adhesion
Improved
F/57 A1 7 Wrist
numbness
Scar
adhesion
Improved
NCV nerve conduction velocity, NCT nerve conduction test, CTS
carpal tunnel syndrome
Table 4 Incidence of carpal tunnel syndrome in different treatment
method of distal radius fracture.
Author CTS Sample CTS incidence (%)
Conservative treatment of distal radius fracture
Cooney [4] 40 565 7
Stewart [19] 25 209 12
Aro [1] 14 166 8.4
Hove [9] 23 542 4.2
Young [21] 3 25 12
Young [22] 0 50 0
Bienek [3]1 2 6 0 2 0
Total 117 1617 7
Volar plating of distal radius fracture
Mehara [13] 4 39 10
Jupiter [12] 6 49 12
Zoubos [23] 0 35 0
Hove [10] 0 31 0
Odumala [15]1 7 6 9 2 3
Musgrave [14] 2 32 6
Wong [20] 2 30 13
Ruch [17] 2 17 14
Total 33 326 10.1
Dorsal plating of distal radius fracture
Fawzy [6]1 7
LP locking plate, CTS carpal tunnel syndrome
Table 5 Prevalence of carpal tunnel syndrome in general population
compare with current study.
General population [2] Study
population
Pain,
numbness or
tingling (%)
Clinically
certain
(%)
Clinically
and NCT
confirmed
(%)
Overall
(%)
Women 17.3 4.6 3.0 4.6 3.3% (6/183)
Men 10.4 2.8 2.1 2.8 3.2% (3/99)
Total 14.4 3.8 2.7 3.8 3.2% (9/282)
Table 6 Incidence of all post-operative hand numbness and carpal
tunnel syndrome in different plate.
Locking plate Non-locking plate p value
All post-operative
hand numbness
22 10.2% 2 3.03% 0.049
Carpal tunnel syndrome 9 4.17% 0 0% 0.087
Total 216 66
36 HAND (2011) 6:34–38distal radius fracture. The average incidence after volar
plating was 10.1%, which ranged from 0% to 23% [10, 12–
18, 21]. The sample size of these series ranged from 17 to
69, which is much smaller than 282 in our series. The
incidence of late carpal tunnel syndrome reported in our
series was 3.2%, which is lower than other similar series.
The pathophysiology of carpal tunnel syndrome after distal
radius fracture has been studied by various authors [5, 7, 8,
19]. Causes include oedema and haematoma from injury,
local anaesthetic solution injection, closed reduction and
manipulation, flexion position of the wrist and surgical
trauma from surgery. Prevalence of carpal tunnel syndrome
in general population was reported as 3.8% [2]. The
incidence of late carpal tunnel syndrome after volar plating
reported in our series was 3.2%. Thus, the incidence of late
carpal tunnel syndrome after volar plating is similar to
general population reported (Table 5).
In our study, there is a statistically significant higher
incidence of post-operative hand numbness and a trend of
higher incidence of carpal tunnel syndrome after volar plating
using locking plate compared with using non-locking plate.
This may due to more distal position of locking plate, which
are often used in intra-articular fracture. The retraction of
tissue when putting this distally placed locking plate can also
cause median nerve paresthesia (Table 6).
Besides carpal tunnel syndrome, neuropathy arising
from scar adhesion of median nerve at the surgical
wound will also cause post-operative hand numbness.
The outcome of operative treatment for carpal tunnel
syndrome or median nerve neuropathy from scar adhe-
sion is generally favourable.
The limitations of the current study are as follows. It is
not a prospective randomised control study. The operation
and follow-up assessment was performed by different
surgeons, and the interval of follow-up was not stand-
ardised. Outcome measurement is mainly based on patient
symptomatology, and not all patients have electrophysical
assessment.
Conclusion
The result from our study showed that the incidence of late
carpal tunnel syndrome after volar plating of distal radius
fracture is similar to general population. The incidence is
lower than that previously reported in other series of distal
radius fracture, regardless of the treatment method (conser-
vative treatment, open reduction and plating). Post-
operative hand numbness has a favourable outcome as
shown in our study; 66.7% (16/24) patients respond to
conservative treatment, and of the eight that required carpal
tunnel release or neurolysis of median nerve, only one did
not have their symptoms improved.
Acknowledgment We would like to thank Dr. Ho CO, Associate
Consultant, Dept. of Orthopaedics and Traumatology, Caritas Medical
Centre, Hong Kong SAR, China, for his assistance with the statistical
analysis. The authors declare that they have no conflict of interest.
Open Access This article is distributed under the terms of the Creative
Commons Attribution Noncommercial License which permits any
noncommercial use, distribution, and reproduction in any medium,
provided the original author(s) and source are credited.
References
1. Aro H, Koivuen T, Katevuo K, et al. Late compression
neuropathies after Colles’ fractures. Clin Orthop Relat Res.
1988;233:217–25.
2. Atroshi I, Gummesson C, Johnsson R, et al. Prevalence of carpal
tunnel syndrome in general population. J Am Med Assoc.
1999;282(2):153–8.
3. Bienek T, Kusz D, Cleinski L. Peripheral nerve compression
neuropathy after fractures of the distal radius. J Hand Surg, Br
Vol. 2006;31(3):256–60.
4. Cooney 3rd WP, Dobyns JH, Linscheid RL. Complications of
Colles’ fractures. J Bone Jt Surg, Am Vol. 1980;62(4):613–9.
5. Dresing K, Peterson T, Schmit-Neuerburg KP. Compartment
pressure in the carpal canal in distal radius fracture of the radius.
A prospective study. Arch Orthop Trauma Surg. 1994;113:285–9.
6. Fawzy EA, Kateros KT, Papagelopoulos PJ, et al. Open reduction
and internal fixation of distal radial fractures using the Pi-plate.
Injury. 2005;36(2):317–23.
7. Fuller DA, Barrett M, Marburger RK, et al. Carpal canal pressures
after volar plating of distal radius fractures. J Hand Surg, Br Vol.
2006;31(2):236–9.
8. Gelberman RH, Szabo RM, Willliamson RV, et al. Tissue pressure
threshold for peripheral nerve viability. Clin Orthop Relat Res.
1983;178:285–91.
9. Hove LM. Nerve entrapment and reflex sympathetic dystrophy
after fractures of the distal radius. Scand J Plast Reconstr Surg
Hand Surg. 1995;29(1):53–8.
10. Hove LM, Nilsen PT, Furnes O, et al. Open reduction and internal
fixation of displaced intraarticular fractures of the distal radius. 31
patients followed for 3–7 years. Acta Orthop Scand. 1997;68
(1):59–63.
11. Jakob M, Rikli DA, Regazzoni P. Fractures of the distal radius
treated by internal fixation and early function: a prospective study
of 73 consecutive patients. J Bone Jt Surg. 2000;82B:340–4.
12. Jupiter JB, Fernandez DL, Toh CL, et al. Operative treatment of
volar intra-articular fractures of the distal end of the radius. J Bone
Jt Surg, Am Vol. 1996;78(12):1817–28.
13. Mehara AK, Rastogi S, Bhan S, et al. Classification and treatment
of volar Barton fractures. Injury. 1993;24(1):55–9.
14. Musgrave DS, Idler RS. Volar fixation of dorsally displaced distal
radius fractures using the 2.4-mm locking compression plates. J
Hand Surg Am. 2005;30(4):743–9.
15. Odumala O, Ayekoloye C, Packer G. Prophylactic carpal tunnel
decompression during non-locking plating of the distal radius–is it
justified? Injury. 2001;32(7):577–9.
16. Protopsaltis TS, Ruch DS, et al. Volar approach to distal radius
fractures. J Hand Surg Am. 2008;33(6):958–65.
17. Ruch DS, Papadonikolakis A. Volar versus dorsal plating in the
management of intra-articular distal radius fractures. J Hand Surg
Am. 2006;31(1):9–16.
18. Stark WA. Neural involvement in fractures of the distal radius.
Orthopaedics. 1987;10:333–9.
HAND (2011) 6:34–38 3719. Stewart HD, Innes AR, Burke FD. The hand complications of
Colles’ fractures. J Hand Surg Br. 1985;10(1):103–6.
20. Wong KK, Chan KW, Kwok TK, et al. Volar fixation of dorsally
displaced distal radial fracture using locking compression plate. J
Orthop Surg. 2005;13(2):153–7.
21. Young BT, Rayan GM. Outcome following nonoperative treat-
ment of displaced distal radius fractures in low-demand patients
older than 60 years. J Hand Surg Am. 2000;25(1):19–28.
22. Young CF, Nanu AM, Checketts RG. Seven-year outcome
following Colles’ type distal radial fracture. A comparison of
two treatment methods. J Hand Surg, Br Vol. 2003;28
(5):422–6.
23. Zoubos AB, Babis GC, Korres DS, Pantazopoulos T. Surgical
treatment of 35 volar Barton fractures. No need for routine
decompression of the median nerve. Acta Orthop Scand Suppl.
1997;275:65–8.
38 HAND (2011) 6:34–38